In the visible burrow system model of chronic social stress, male rats housed in mixed-sex groups quickly form a dominance hierarchy in which the subordinates appear to be severely stressed. A subgroup of subordinates have an impaired corticosterone response after presentation of a novel restraint stressor, leading to their designation as nonresponsive subordinates. To examine the mechanism underlying the blunted corticosterone response in these animals, in situ hybridization histochemistry was used to quantify corticotropin-releasing factor (CRF) and arginine vasopressin (AVP) mRNA expression in the brain. In two separate visible burrow system experiments, the nonresponsive subordinates expressed a significantly lower average number of CRF mRNA grains per cell in the paraventricular hypothalamic nucleus compared with stress-responsive subordinates, dominants (DOM), or cage-housed control (CON) rats. The number of CRF mRNA labeled cells was also significantly lower in nonresponders than in responsive subordinates or DOM. In the central amygdala, CRF mRNA levels were increased in both groups of subordinates compared with CON rats, whereas responsive subordinates exhibited higher levels than the DOM rats as well. AVP mRNA levels did not vary with behavioral rank in any subdivision of the paraventricular hypothalamic nucleus. In the medial amygdala, the number of cells expressing AVP mRNA was significantly greater in CON rats compared with both groups of subordinates, although the average number of AVP mRNA grains per cell did not vary with rank. In addition, the number of AVP-positive cells significantly correlated with plasma testosterone level.
In the visible burrow system model of chronic social stress, male rats housed in mixed-sex groups quickly form a dominance hierarchy in which the subordinates appear to be severely stressed. A subgroup of subordinates have an impaired corticosterone response after presentation of a novel restraint stressor, leading to their designation as nonresponsive subordinates. To examine the mechanism underlying the blunted corticosterone response in these animals, in situ hybridization histochemistry was used to quantify corticotropin-releasing factor (CRF) and arginine vasopressin (AVP) mRNA expression in the brain. In two separate visible burrow system experiments, the nonresponsive subordinates expressed a significantly lower average number of CRF mRNA grains per cell in the paraventricular hypothalamic nucleus compared with stress-responsive subordinates, dominants (DOM), or cage-housed control (CON) rats. The number of CRF mRNA labeled cells was also significantly lower in nonresponders than in responsive subordinates or DOM. In the central amygdala, CRF mRNA levels were increased in both groups of subordinates compared with CON rats, whereas responsive subordinates exhibited higher levels than the DOM rats as well. AVP mRNA levels did not vary with behavioral rank in any subdivision of the paraventricular hypothalamic nucleus. In the medial amygdala, the number of cells expressing AVP mRNA was significantly greater in CON rats compared with both groups of subordinates, although the average number of AVP mRNA grains per cell did not vary with rank. In addition, the number of AVP-positive cells significantly correlated with plasma testosterone level.
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Adrenal steroids such as corticosterone (CORT) play an important role in mitigating the adverse effects of stress; however, chronic activation of the hypothalamic-pituitary-adrenal (HPA) axis may have pathological consequences for the animal. Exposure to chronic stress has been shown to alter HPA axis responses to subsequent stressors (Caggiula et al., 1989) as well as to alter basal HPA activity (Ottenweller et al., 1989 (Ottenweller et al., , 1992 . In addition, stress suppresses testosterone secretion in both rodents and primates, including man (Taché et al., 1980; Armario and Castellanos, 1984; Wheeler et al., 1984; Sapolsky, 1985) . Prolonged increases in glucocorticoids elicited by chronic stress or through exogenous administration can also affect brain physiology (Diamond et al., 1992; Pavlides et al., 1995) , neuronal morphology and viability Woolley et al., 1990; Magariños and McEwen, 1995) , and behavior (Katz et al., 1981; Weiss et al., 1981; Garcia-Marquez and Armario, 1987) .
Many of these stress-related changes are readily apparent in the visible burrow system (VBS) model of chronic social stress. A dominance hierarchy quickly forms among male rats housed in mixed-sex groups in a complex environment for 14 d. The subordinate males show sustained elevations in plasma CORT, profound weight loss, impaired testosterone production, thymus involution, and adrenal hypertrophy . In addition, although all animals have robust CORT responses to stress before group housing, after 2 weeks in the VBS, a subgroup of subordinates show an impairment in their ability to produce the characteristic rise in plasma CORT when presented with a novel stressor .
The physiological basis for the attenuated HPA responsiveness in these subordinate rats is currently unclear. The lack of a stress-induced rise in CORT in the nonresponsive subordinates (NRS) may be attributable to a functional breakdown at some level of the HPA axis. To determine whether the dysfunction of the HPA axis of the NRS rats is attributable to alterations in the hypothalamic corticotropic systems, we examined the effect of chronic social stress on corticotropin-releasing factor (CRF) and arginine vasopressin (AVP) mRNA levels in paraventricular hypothalamic nucleus (PVN).
In addition, we investigated CRF and AVP mRNA in extrahypothalamic sites such as the amygdala, which sends projections to other limbic structures. In these circuits, the neuropeptides may be involved in some of the behavioral changes observed in the VBS animals, because central CRF projections have been shown to mediate stress-related behaviors in rats (Makino et al., 1994) , whereas central AVP projections are involved with aggressive (Koolhaas et al., 1990; Compaan et al., 1993) and sexual (Winslow et al., 1993; Minerbo et al., 1994) behaviors in rodents.
MATERIALS AND METHODS
Experimental procedure. The VBS apparatus and experimental protocol has been described previously in detail (Blanchard and Blanchard, 1990) . In brief, the burrow system is comprised of an open field area (85 ϫ 65 cm) connected to a series of tunnels and two small compartments. Food and water are available ad libitum in the open field area, which is illuminated on a 12:12 hr light/dark schedule, whereas the remainder of the apparatus is shielded from the light.
Data from two VBS experiments are presented. Experimental procedures were similar in the two studies. In both experiments, colonies of five male and two female Long-Evans rats were housed in a VBS for 14 d. In experiment 1, control (CON) rats were either individually housed or housed in male-female pairs, whereas in experiment 2, all CON rats were housed in male-female pairs. CON males were age-and weight-matched to a specific colony and maintained on the same light/dark cycle as the VBS colonies. In experiment 1, male rats were removed from the VBS on days 3, 6, 8, and 10, then weighed and returned to their individual home cages for 6 hr during the light phase to allow free access to food and water. In experiment 2, rats were removed from the VBS daily and placed in their home cages for 4 hr. Pair-housed CON males were separated from the females during this time.
Behavior was monitored during the dark phase of the light/dark cycle using a video camera and infrared light source. A single dominant was identified for each colony based on wound pattern, body weight, and behavioral analysis of specific offensive and defensive behaviors and time spent in the open field area.
On day 14, animals were removed from the VBS in the early part of the light cycle. In experiment 1, male rats were taken directly from the VBS and placed in restraint tubes, and a blood sample was quickly drawn from the tail to determine plasma CORT levels in the context of the VBS. In experiment 2, males were placed in their home cages for 1 hr before the initial sampling to determine basal CORT levels outside the VBS. In both experiments, the animals remained in the restrainer for 1 hr, after which another blood sample was drawn for measurement of stress levels of CORT. A third sample was taken 1 hr after the animals had been removed from the restrainers and returned to their home cages.
Prestress, stress, and recovery levels of CORT were determined by radioimmunoassay using rabbit antiserum raised against CORT-21-hemisuccinate BSAS (B21-42, Endocrine Sciences, Calabasas, CA). Assay sensitivity was 10 pg, and the intra-assay coefficient of variability was 2-5%. Plasma testosterone levels were measured using a Coat-a-Count RIA kit (Diagnostic Products, Milford, MA) following the manufacturer's directions.
The subordinate rats showed a bimodal distribution of their stress CORT levels, with some animals showing an increase in CORT comparable with DOM and CON rats, whereas others had little or no increase in CORT at all. Subordinates were defined as nonresponders if they failed to show an increase of at least 10 g/dl CORT over the mean prestress CORT level of all subordinates. Statistical analysis (ANOVA followed by Fisher's LSD post hoc test) of the CORT data was performed using the Statview statistical program.
Animals were killed by decapitation on the day after the restraint stress test. Brains were quickly removed, frozen on powdered dry ice, and stored at Ϫ70°C.
In situ hybridization. The in situ hybridization technique used has been described previously in detail . Sixteen micrometer coronal sections were cut on a cryostat and thaw-mounted onto gelatincoated slides. Sections were kept at Ϫ70°C until use. Slides were brought to room temperature in a dessicator, fixed in 4% formaldehyde solution, rinsed in PBS, acetylated, dehydrated in a series of ethanol baths, delipidized in chloroform, and dried.
In situ hybridization histochemistry for CRF was performed on sections from both experiments 1 and 2 using a 48-mer cDNA oligoprobe corresponding to amino acids 22-37 of preprocorticotropin-releasing hormone (Thompson et al., 1987) . In situ hybridization for AVP was performed on sections from experiment 2 using a 27-mer (AVP) directed against amino acids 110 -118 of rat prepropressophysin (Schmale et al., 1983) . The 3Ј end was labeled with [
35 S]dATP using terminal transferase (Boehringer Mannheim, Indianapolis, IN) following the manufacturer's instructions. Labeled probe was purified over a Nuctrap column (Stratagene, La Jolla, CA). Typical activity was 3-5 ϫ 10 5 cpm /l. Sections were hybridized in a solution of 50% formamide/50% hybridization buffer (600 mM NaCl, 80 mM Tris-HCl, 4 M EDTA, 0.1% sodium pyrophosphate, 0.2% SDS, 0.2 mg/ml heparin, and 10% dextran sulfate) at 42°C overnight. Subsequently, coverslips were floated off in 1ϫSSC, and the tissue was washed four times for 15 min each at 45°C in baths containing 50% formamide and 50% 2ϫ SSC. Slides were then rinsed in 1ϫ SSC for 1 hr at room temperature, dipped in ddH 2 O, dipped in 70% EtOH, and dried.
Image analysis and grain-counting. Slides were exposed to Kodak (Rochester, NY) XAR x-ray film, and relative optical density was measured by computer-assisted densitometry (Imaging Research, M4 version, St. Catharine's, Ontario). For each animal, an average optical density was obtained, consisting of at least three anatomically matched brain slices.
Slides were then dipped in Kodak NTB2 emulsion and exposed for varying lengths of time [29 d for CRF in the PVN, 11 d for AVP in the PVN, 45 d for CRF in the central amygdala (ACE), and 50 d for AVP in the amygdaloid nucleus (AME)]. Emulsions were developed and counterstained with cresyl violet to histologically verify anatomical location.
Two methods of grain-counting were used to quantify CRF and AVP mRNA expression levels in the medial PVN. In both methods, four sections per animal on two different slides corresponding to approximately Ϫ1.8 mm from bregma (Paxinos and Watson, 1982) were counted bilaterally. Background was subtracted from each reading.
The first method was used to measure CRF mRNA in experiment 1 and to measure AVP mRNA in experiment 2. In the first method, a 300 ϫ 260 m field of the medial parvocellular region parallel to the third ventricle was digitized for analysis under 20ϫ magnification. The number of grains Ͼ 50 cells in this field was quantified using an annulus 35 m in diameter. Average parvocellular cell diameter was 20 m. An average of 10 annulus readings over portions of the field that did not contain cells was used to calculate the background value for each individual PVN.
The second grain-counting method was used to quantify CRF mRNA grains in experiment 2. This method consisted of digitizing the same region of the medial PVN and counting the total number of grains over this field. This number was then divided by the total number of cells present in the field. This approach yielded slightly lower, but very comparable, average grains per cell compared with the first method. Background values were obtained by measuring the total number of grains in the same size field in cerebral cortex, an area of brain that expresses low CRF mRNA levels. The number of CRF mRNA labeled cells in experiment 2 was not calculated, because the grain-counting method used in experiment 2 did not provide this measure.
For counting AVP mRNA grains in the AME, three sections per animal were quantified bilaterally. An annulus 35 m in diameter was centered around each labeled cell. Only labeled cells (3ϫ background) were counted. Background was obtained by averaging 10 annulus placements over areas devoid of cells and was subtracted from each cell.
Relative optical density readings and grain-counting procedures were performed with the experimenter blind to the behavioral ranking of the Figure 1 . Plasma CORT responses to a novel restraint stressor in animals from both VBS experiments. In experiment 1, prestress CORT was measured in tail blood samples taken immediately after removal from the VBS; in experiment 2, prestress samples were taken after animals had been removed from the VBS and placed in their home cages for 1 hr. In both studies, stress CORT levels were measured after 1 hr in a plexiglass restrainer, and recovery CORT was measured 1 hr after termination of the stressor. Recovery CORT level was significantly lower for the DOM group in experiment 2 than the CON rat recovery value. CON animals were combined from both studies. DOM, Dominant rats; NRS, nonresponder subordinate rats; SRS, stress-responsive subordinate rats. Values represent the mean Ϯ SEM; *p Ͻ 0.0001 versus NRS rats; ϩ p Ͻ 0.05 versus CON rats;
⌬ p Ͻ 0.05 versus the DOM group in experiment 2.
subjects. Data were analyzed using one-way ANOVA followed by Fisher's LSD post hoc test or by simple regression (Statview program).
RESULTS

Stress responses
Prestress, stress, and recovery plasma CORT levels from both experiments are presented in Figure 1 . There were no differences between the single and pair-housed CON rats from both experiments, thus these data have been grouped together. In experiment 1, blood was drawn immediately on removal from the VBS for the prestress "VBS" CORT measurement, whereas in experiment 2, rats were removed from the VBS and placed into their home cages for 1 hr before blood was drawn ("Homecage" CORT). In experiment 1, "VBS" plasma CORT levels were significantly higher in the dominant (DOM), NRS, and stress-responsive subordinate (SRS) rats compared with CON "Homecage" levels ( ϩ p Ͻ 0.05). The DOM and SRS groups in experiment 1 also exhibited significantly higher levels of CORT at the prestress "VBS" time point than when compared with the prestress "Homecage" level of the DOM group in experiment 2. All except NRS rats showed the characteristic increase in plasma CORT when exposed to 1 hr novel restraint stress (*p Ͻ 0.05 vs NRS rats). The DOM group in experiment 2 had significantly lower CORT levels at the recovery time point than did CON rats at the recovery time point (•p Ͻ 0.05).
CRF mRNA in PVN
Dark-field photographs of CRF mRNA expression in the PVN are shown in Figure 2 ; the top row of photographs in Figure 2 illustrates examples of CRF mRNA levels in experiment 1, whereas the bottom row of photographs is from experiment 2.
The population results are presented in Figure 3 . In experiment 1 (Fig. 3A) , NRS rats exhibited a statistically lower average number of CRF mRNA grains per cell than both the DOM and SRS rats (F (3,27) ϭ 3.58, p Ͻ 0.05), whereas in experiment 2 (Fig. 3B) , NRS rats expressed significantly fewer CRF mRNA grains per cell than did DOM, SRS, and CON rats (F (3,24) ϭ 5.76, p Ͻ 0.005). In experiment 1, the average number of CRF mRNA-labeled cells in the PVN was significantly higher in SRS than in NRS and CON rats, whereas DOM also had a higher number of labeled cells than did NRS rats ( Figure 3C ) (F (3,27) ϭ 6.98, p Ͻ 0.001).
CRF mRNA in the ACE
The dark-field photographs in Figure 4 illustrate examples of CRF mRNA expression within the ACE. Population results show that SRS and NRS rats have statistically higher levels of CRF mRNA than do CON rats (Fig. 5) , whereas SRS rats also had a higher level than did DOM rats (F (3,22) ϭ 5.99, p Ͻ 0.05). Dark-field photographs of CRF mRNA expression in the PVN of the hypothalamus. In both experiment 1 (top row) and experiment 2 (bottom row), NRS rats exhibit significantly lower levels of CRF mRNA compared with DOM and SRS rats. In experiment 2, NRS rats also have significantly less CRF mRNA compared with CON rats. Scale bar, 100 m.
AVP mRNA in PVN
As shown in Table 1 (top row), relative optical density measures of AVP mRNA levels in the lateral magnocellular PVN did not vary across behavioral rank. Grain-counting was used to quantify AVP mRNA levels in the medial parvocellular PVN. As seen in the second and third rows, respectively, of Table 1 , neither the average number of AVP mRNA grains per cell nor the number of AVP mRNA labeled cells in the medial parvocellular PVN differed significantly across ranks.
AVP mRNA in the AME
Examples of AVP mRNA expression in the AME are shown in the dark-field photographs of Figure 6 . The average number of AVP mRNA grains per cell did not differ as a function of behavioral rank in the AME (Fig. 7A) . However, the average number of AVP mRNA-labeled cells in the AME did vary with behavioral rank. Post hoc tests revealed that NRS and SRS rats had a significantly lower number of AVP mRNA-positive cells than did CON rats (Fig. 7B ) ( p Ͻ 0.05). In addition, there was a significant positive correlation between the number of AVP mRNA-positive cells in the AME and plasma testosterone level (Fig. 8 ) (Y ϭ 0.54ϫ ϩ 11.05, r 2 ϭ 0.153, F (1,24) ϭ 4.32, p Ͻ 0.05).
DISCUSSION
Fourteen days of mixed-sex housing in a VBS leads to a variety of stress-related changes in the behavior (Blanchard and Blanchard, 1990) , endocrine function CORT levels measured immediately after removal from the VBS are elevated compared with levels in cage-housed CON rats, suggesting tonic activation of the HPA axis within the VBS environment.
In addition, a subgroup of subordinates did not exhibit the expected increase in plasma CORT when presented with the novel stressor of restraint. Compared with VBS rats, which showed the stress-induced increase in plasma CORT, NRS rats showed a deficit of CRF mRNA, but not of AVP mRNA, in the PVN. The NRS rats appear to be the most severely stressed in the VBS model, because they show the greatest degree of body weight loss and adrenal hypertrophy; the NRS rats also have the lowest levels of testosterone and CORT-binding globulin compared with the other VBS groups (McKittrick et al., 1994) . Recent evidence indicates that the NRS characteristics develop gradually over the 14 d period in the VBS rats, suggesting that they are manifestations in individual rats of their response to the chronic stress situation (our unpublished observations).
NRS and SRS rats show similarities in neuropeptide mRNA levels in the amygdala in contrast to in the PVN. In the amygdala, CRF mRNA expression was elevated in both groups of subordinates compared with that in the CON rats. SRS rats also showed a higher level of CRF mRNA than did DOM rats; the difference between NRS and DOM rats did not reach statistical significance, most likely because of the limited number of animals in the NRS group. The elevated CRF mRNA levels may be the result of the direct effect of CORT on CRF gene expression, because other researchers have reported that plasma CORT correlates positively with CRF mRNA in the ACE, and negatively with CRF mRNA in the PVN (Makino et al., 1994) .
CRF and AVP act as neuromodulators in limbic circuits originating in the amygdala. The CRF projections originating in the amygdala are believed to play an important role in the expression of stress-induced behaviors distinct from the effects of CRF in the PVN (Makino et al., 1994) . The behavioral effects of central administration of CRF mimic those seen in response to stress, such as place aversion, increased grooming and locomotor activity, and decreased sexual activity and sleeping (Sirinathsinghji et al., 1983; Sherman and Kalin, 1986; Berridge and Dunn, 1987; Lee et al., 1987; Cador et al., 1992) . In stressed animals, CRF administration potentiates these behaviors (Britton et al., 1982) , whereas CRF antagonists administered intracerebroventricularly or to the ACE can block the behavioral effects of stress (Berridge and Dunn, 1987; Kalin and Takahashi, 1990; Swiergiel et al., 1993) . Enhanced CRF expression in the ACE of the subordinates likely contributes to the stress-induced behavioral changes described previously in this model (Blanchard and Blanchard, 1990) . AVP mRNA expression in the AME also varied as a function of behavioral rank, with fewer cells expressing AVP in the two subordinate groups compared with CON rats. There was also a significant positive correlation between the number of cells expressing AVP and plasma testosterone levels, suggesting that the decrease in AVP is related to the suppression of testosterone in these animals. Although the type II glucocorticoid receptor agonist dexamethasone has been shown to suppress AVP mRNA levels in AME, gonadal steroids seem to be more important in the regulation of AVP in this region, because the decrease is contingent on a concomitant suppression of testosterone levels (Urban et al., 1991) . Testosterone has also be shown to play a key role in the regulation of extrahypothalamic AVP expression in other models, because castration leads to a decrease in AVP mRNA and immunoreactivity, an effect that can be reversed by testoster- Behaviors mediated by the vasopressinergic circuit arising from the AME include aggression (Koolhaas et al., 1990; Compaan et al., 1993) , copulation (Smock et al., 1992) , and social recognition (Lehman et al., 1980; Bolhuis et al., 1984; Bluthe et al., 1990) . The decreased AVP expression in the AME may play a role in the reduction of aggressive and sexual behaviors in the subordinate animals after the stress-induced decline in testosterone secretion.
Why are the NRS rats stress-nonresponsive and deficient in CRF mRNA in the PVN?
The results presented here suggest that the failure of the NRS rats to mount a sufficient CORT response to the psychological stress of restraint may be attributable to a breakdown in HPA axis function at the level of the hypothalamus. Although AVP mRNA levels in the PVN did not vary as a function of behavioral rank, CRF mRNA was significantly altered after VBS housing. In two separate VBS experiments, the amount of CRF mRNA expressed per cell in the PVN was lower in NRS compared with DOM or SRS rats; in one experiment, the CRF mRNA per cell in NRS was lower than in CON rats as well. In experiment 1, the number of CRF mRNA-positive cells in the PVN was also lower in the NRS compared with both the DOM and the SRS rats, but did not differ from that in the CON rats.
High levels of CRF mRNA expression are not necessary for rats to be able to show a stress-induced rise in plasma CORT, because the CON rats have CRF mRNA levels comparable with the NRS rats. The difference between these two groups is the chronic stress of the VBS affecting the HPA axis of the NRS rats. The rats that have experienced the chronic stress of the VBS and are still capable of showing a CORT response to a novel stressor (DOM and SRS rats) exhibit slightly elevated CRF mRNA expression in the PVN, whereas the NRS rats do not. This relative increase in CRF expression is consistent with that seen by others after both Figure 6 . Dark-field photographs of AVP mRNA expression in the AME. NRS and SRS rats exhibit significantly fewer AVP mRNA-labeled cells than do CON rats in the AME. Scale bar, 50 m.
acute and chronic stress paradigms (Lightman and Young, 1988; Harbuz and Lightman, 1989; Makino et al., 1994 Makino et al., , 1995 and probably helps maintain HPA function. The increase in CRF expression by DOM and SRS rats above control levels is likely to be attributable to the effects of chronic stress within the VBS, because all animals were given the acute restraint stress. The number or sensitivity of the CRF receptors in the pituitary may have decreased in response to chronic stimulation. Increased CRF release may be needed to overcome the effects of this downregulation. This hypothesis is supported by the observation that prolonged administration of CRF reduces the ACTH and CORT responses to a novel stressor (Tizabi and Aguilera, 1992) . Another possible explanation might be an increased inhibitory input from GABA neurons that synapse on CRF neurons in the PVN (Herman et al., 1996) . Additional studies are necessary to evaluate more fully the mechanisms underlying the NRS phenomenon.
Chronic high levels of glucocorticoids may be partially responsible for the low level of CRF mRNA in the NRS rats via negative feedback mechanisms. All behavioral ranks within the VBS show elevated CORT levels when blood is drawn immediately on removal from the VBS. Plasma CORT provides inhibitory feedback at CRF mRNA expression by acting directly on CRF-secreting neurons and via inputs to these neurons from the hippocampus. Because the NRS rats have the lowest levels of CORT-binding globulin in addition to elevated total CORT, free CORT is presumably highest in these animals. Thus, negative feedback inhibition is likely to be greatest in the NRS rat because of high free CORT combined with the lack of a downregulation in hippocampal type II glucocorticoid receptors that is observed in SRS rats (Chao et al., 1993) .
Stress-induced increases in plasma CORT return to baseline faster in dominant rats than in subordinates. Only DOM rats showed statistically lower levels of plasma CORT in the prestress "Homecage" measurements and at the recovery time point in experiment 2. This suggests that the mechanisms responsible for terminating the HPA response are more efficient in the DOM than in the subordinates rats. In adrenalectomized rats, administration of the type II glucocorticoid receptor agonist RU 28362 has been shown to reduce CRF gene expression in the PVN , whereas in intact rats, dexamethasone treatment reduces both basal and stress-stimulated levels of CRF mRNA (Lightman and Young, 1989) , with the PVN implicated as a key site of dexamethasone action (Harbuz and Lightman, 1989) . The hippocampus, an area that contains substantial concentrations of both type I and type II glucocorticoid receptor subtypes (McEwen et al., 1968; Reul and De Kloet, 1985) , has been shown to play a role in the CORT-mediated containment of HPA responses (Jacobson and Sapolsky, 1991; Feldman and Conforti, 1980) . As suggested above, inhibitory inputs from the hippocampus to the PVN (Herman et al., 1996) may be enhanced in NRS compared with SRS rats.
Neural inputs to the PVN from monoaminergic systems are also important regulators of CRF mRNA expression. The PVN receives innervation from the serotonergic and noradrenergic systems, both of which are stimulated in response to stress (Abercrombie and Jacobs, 1987; Vahabzadeh and Fillenz, 1994; McKittrick and McEwen, 1996) and have been implicated in the regulation of CRF release (Plotsky et al., 1989; Pan and Gilbert, 1992) . Both of these systems are also modulated by chronic social stress in the VBS model Watanabe et al., 1995) , and differential regulation of these neurotransmitter systems may contribute to the differences in CRF mRNA expression seen among the NRS rats and other groups.
Many of the behavioral and endocrine changes in the subordinate rats are similar to those seen in humans with depressive illness. Both subordinate animals and depressed patients have lower overall activity levels and disrupted patterns of sleep, feeding, and sexual activity (Gold et al., 1988a; Blanchard et al., 1995) . Function of the HPA axis is often dysregulated in depressed patients as well, because many exhibit elevated basal cortisol concentrations, impaired glucocorticoid feedback, and blunted responses to stimulation (Gold et al., 1988b; Pearson Murphy, 1991; Krishnan et al., 1993; Platt et al., 1994) . Furthermore, regarding one specific aspect of our results, the lack of HPA stress response in NRS rats may be related to a phenomenon found in a subset of depressed human subjects, who show blunted responsiveness of their HPA axis (Platt et al., 1994; Kim et al., 1995) . Additional study of the neurochemical changes associated with HPA dysfunction after chronic social stress may provide insight into the mechanisms responsible for similar changes in humans with depressive illness.
In conclusion, chronic psychosocial stress in the VBS is particularly stressful to subordinate rats, some of which show a progressive development of a paradoxical "Stress Nonresponsive" state characterized by reduced levels of CRF mRNA in the PVN in conjunction with impaired CORT responses to stress. We postulate that this state is the result of enhanced inhibitory input to PVN neurons attributable to increased glucocorticoid feedback or to increased inhibitory neural input.
